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SUMMARY

Male rats wvere dosed orally by gavage vith 1 or 500 mg
Ccti ;?kg body weight or were exposed uermally for six hours

to 1 mg L _j Urine and feces were collected for a period

of 48 hours foi;owing the oral gavage doses and for 24 hours folloving dermal

application. A complete organ and tissue distribution of radioactivity wvas

conducted for the dermal application group.

Approximately 70 percent of the 1 or 500 mg/kg oral dose vas excreted in
vrine by 48 hours after dosing. Hovever, 60 percent of the 1 mg/kg dose vas
excreted in urine during the initial 12 hour post-dosing time interval compared
to 18 percent of the 500 mg/kg dose. Approximately 14 percent of dermally
applied[ OBl jwas absorbed into systemic circulation during a
six-hour application. A substantial amount of the dermally applied dose (77
percent) evaporated from the application site. Urinary excretion represented
88 percent of the absorbed dose with approximately 63 percent of the absorbed

dose being excreted in the 0-to 12-hour post-aﬁplicutiOn urine sample.

Tvo major urinary metabolites identified in the 1 mg/kg oral dose and the
1 mg dermal application dose vere[ Csi ] m:}and
- CBI f] Both compounds appear in substantial amounts following
glucuronidase/sulfatagz enzyme hydrolysis of the urine samples. In the 12-hour
urine sample from the 1 mg/kg orally dosed rats and the 1 mg dermally dosed
rats, ] ]represented 33 and 27 percent of the oral or dermally absorbed dose,
respectively. Similarly, Lf‘ represented approximately 19 and 16 percent.
Either metabolite is present in urine in sufficient quantities to provide an
accurate assessment of internnl;— CBi jcxposure under workplace

conditions.
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INTRODUCTION

) " : -
Vorkplace exposure t‘iﬁ*iis currently assessed by air-monitoring

techniques and by a non-compound specific measure of methemoglobinemia.
Hovever, air-monitoring cannot measure potential dermal contact or exposure and
surface monitoring may not reflect actual employee exposure. A specific

urinary biological monitor can be used to estimate the exlent of exposure to
| B
ol
—

The present study vas designed to characterize the urinary metabolites of
Eﬁgﬂand to determine the relative distribution of these metabolites. In
addition, the percent of an administere ]dose excreted in urine wvas
determined. Dermal absorption o‘IT*-vas evaluated as wvell as metabolite
excretion following dermal absorption. The laboratory rat wvas used to

determine each of these parameters.

MATERIAL AND METHODS

Animals and Husbandry

Male Crl:CD®*BR rats (Charles River Breeding Lahorartories, Raleigh, NC)
vere selected and cared for under the folloving conditions:

o Age: 6-9 veeks upon arrival

o Housing: One week quarantine upon arrival in a controlled
temperature (23 &+ 2C°), humidity (40-60X relative
humidity), and light cycle (12-hour light-dark cycle)

environment.

Purina Certified Laboratory Chow® #5002 and vater ad

libitum. Feed and vater vere periodically assayed for
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chemical contaminants; no contaminants that would
interfere with results of this study were detected.

o Identification: Each rat wvas given an individual number on a .age card
upon arrival. The numbers were maintained during tne

course of the study.

Animals were received and quarantined by the Haskell Laboratory Animal
Resources Group according to their standard operating procedure. Rats wvere
selected for study after the quarantine period elaps ', based upon veight
uniformity (an approximate 10 gram veight range for each dosing group). Only

healthy animals were released from quarantine.

Chemicals

The folloving HPLC-grade solvents were purchased from E. M. Science;
acetonitrile, methanol and vater (for HPLC analysis). Reagent grale chloroform
and glycerol wvere purchased from Baker Scientific. A.C.S. grade ammonium
acetate, ethanol, hydrochloric acid and sodium hydroxide were purchased from

Fisher Scientific. Heparin sodium was purchased from Upjohn, Co.

Test Compound

‘l‘he[ (o2 ] ]purchased from
Amersham (Arlington Heights, IL) wvas >98X pure with a spe_cific radioactivity
content :-f approximately 18.5 mCi/mmole. Non—lnbellec{?jvns supplied by
DuPont Chemicals as a clear faint yellow liquid with a purity of 99.5X.

Radiochemical purity of::_-u-' ]in a dosing formulation wvas ev.iuated by

HPLC/radioactivity-flov monitoring (Figure 1).
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Dosing Routines

[~ owera
Male rats (4 in each dosing routine) received a single 500 mg \JLﬂqjkg

body weight oral-gavage dose; a singlﬁ'lﬂﬂgi‘ssﬁ ‘fkg body weight oral-gavage
dose; or a dermal applicati?n o( 1 ngiﬁ'“' _} The 500 mg/kg dose.consisted ot
a mixture of corn oil andi"_-'!.' ‘;(4.4 mL corn oil to 0.625 mL :'_‘,"{. ﬁ; 1 mL of
this mixture delivered a 500 mg/kg dose to a 250 g rat. Non—labelleazéﬁévas
mixed uithijzza ;]such that each rat received 30.5 uCi of !4C-radioactivity

vith a specific radioactiviry content of 0.244 uCi/ung.

The 1| mg/kg dose vas prepared in a 9:1 (corn oil:methanol) dosing vehicle
such that 1 nL delivered a 1 mg/kg dose to a 250 g rat. Each rat received
21.9 uCi of 14C-radioactivity with a specific radioactivity content of
86.5 uCi/mg.

The dermal dose was formulated in a 10:20:70 (ethanol:glycerol:vater)
matrix such that 100 pyL contained 1 mg of (ﬂBl.j Non-labelle{f;;]was mixed
vith@l _Jsuch that each rat received 21.6 uCi of '4C-radioactivity with a
specific radioactivity content of 21.6 wCi/mg.

Metabolism Units and Sample Collections

Each rat on study wvas placed into a "Roth"-type glass metabolism unit
(designed to separate urine from feces), immediately after receiving the
radioactive dose. Rats vere maintained ad libitum on ground rodent chov and
vater. Urine and feces were collected from each rat 12, 24, and 48 hours after
the oral doses and 12 and 24 hours after dermal application. Tissue samples
vere not taken from the orally dosed rats at sacrifice nor vere fecal samples

assayed for radioactivity.
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Dermal Application Procedure

Dermally exposed rats had jugular-vein cannulas surgically inserted the
dav prior to the dermal exposure. On the day of exposure the application site
on the back of the animal between the shoulder blades was shaved. A foam
rubber protective device vas secured in place over the application sitn with a
surgical adhesive. The dose mixture vas applied in a 2 x 3 cm area vithin the
shaved area. A metal (perforated) protective cover with non-occlusive gauze
vas then placed over the foam rubber protective device and secured in place.
Six hours following application the metal cover and gauze were cemoved and the
application site vas vashed. The vas! ing (cleansing) consisted of five cycles
of rubbing 5% aqueous Micro® over the application site with a cotton swab and
removing the vash with a dry cotton svab. Svabs vere placed in the vials for

subsequent assay for radioactivity.

Blood samples vere dravn through the cannula 1, 2, 3, 4, 6, and 12 hours
folloving dermal application.' Approximately 0.2 to 0.3 mL of vhole blood vas

dravn at each timepoint.

Dermally exposed rats were sacrificed by chlorofoim exposure 24 hours
folloving dermal application. Blood was drawn by cardiic puncture at
sacrifice. The folloving tissues and organs were excised: heart, lungs,
liver, spleen, kidneys, testes, brain, G.I. tract (and contents), skin
(application site), non-application site skin, and fat. The remaining carcass
vas saved and the metabolism units wvashed with Micro®, acetone and water. The

cage vash vas collected in Nalgene® bottles. All samples frcm the dermally

exposed rats wvere assayed for radioactivity.
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Assessment of o-Toluidine Volatility

Approxim: .iy 100 ul of the dermal application dose was transferred to
the bot :m of a 25-mL capacity glass impinger. A second impinger containing
approximately 10 mL methanol was connected to the outlet of the first impinger
with a Glenco® fitting. The methanol-containing impinger was attached with
tygon tubing to a house-vacuum line. Gentle air flow vas the generated
through the impinger set-up by house-vacuum for about 45 minutes. Methanol in

the seconrd ingpingc. was then assayed for radioactivity. Pesults indicated

approximately 93 percent of the[i(,Bl:]evaporated from the first impinger and

was trapped by the methanol in the second impinger.

Radioactivity Analysis

Liquid scintillation counting was conducted with Mark III . .,del 6882
Liquid Scintillation Counters (TM Analytic, Elk Grove, IL). Samples directly

assayed (folloving additions of 12-15 mL scintillation cocktail) included:

Urine

Dose solution or dilutions
Cage vashes

HPLC eluant fractions

Aquasol®-II scintillation cocktail (Du Pont-Newv England Nuclear, Boston, MA)

vas used for analysis.

Representative samples of blood, organs, tissues, carcasses and feces
wvere assayed for radioactivity by combustion with Packard Model 306 Tissue

Oxidizers (Packard Instrument Co., Downers Grove, IL).
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Urinalysis

Urine samples were thawed and a portion transferred to separate vials and
adjusted to pH 6 with IN hydrochloric acid. One mL samp.:s wvere then incubated
overnight at 37°C after addition of a glucuronidase/sulfatase enzyme

preparation (B-glucuronidase, type H-1 isolated from Helix pometia and

purchased from Sigma Chemical Co.). Companion urine samples vere also

incubated as non-enzyme treated controls.

All urine samples vere prepared for HPLC analysis by mixing 0.5 mL
methanol with 0.5 mL of the enzyme treated or non-enzyme treated urine. These
samples vere centrifuged for 5 minutes with an Eppendorf microfuge to remove
particulates. The liquid layer vas then passed through a 0.45 u or 0.22 u
Ac :c® filter (Gelman Science) into HPLC sample vials (crimp top) and
suts Juently assayed by HPLC.

HPLC Analysis and Metabolite Purificatiom.

HPLC Analyses vere conducted vith a Perkin-Elmer Series 4 Liquid
Chromatograph (Perkin-Elmer, Norwvalk, CT). Radioactivity was monitored and the

relative percent of each radioactive peak vas determined with a Ramona-D

radioactive flow monitor (Raytest U.S.A., Inc., Pittsburgh, PA).

The following HPLC conditions vere used vith the previocusly mentioned

instruments for analysis of reconstituted fecal extracts and urine samples:
Columns: a) C-8 Adsorbosphere® guard column 21.5 mm
b) Zorbax® C-8, 21.5 mm id x 25 cm preparative
column

Solvent Flow Rate: 5.0 mL/min

Column Temperature: Ambient
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Solvents: Acetonitrile
0.1 M ammonium acetate adjusted to pH 3.3 with

concentrated HCl1

5. Gradient System: 10:90 Acetoni.rile:0.1 M ammonium acetate

isocratically for 10 min.

10:90 te 50:50 Acetonitrile:0.1 M ammonium

acetate over a 25 min. linear gradient

50:50 Acetonitrile:0.1 M ammonium acetate

isocratically for 15 min.

50:50 to 10:90 Acetonitrile:0.1 M ammonium

acetate linear gradient for 10 min.

10:90 Acetonitrile:0.1 M ammonium acetate
isocratically for 10 min. prior to next

injection

HrLC fractions vere assayed for radioactivity content by using the Ramona
radioactivity chromatogram profile to identity fractions for direct analysis.
Samples ranging from 10 to 50 pL were assayed directly by scintillation
counting. Those fractions containing radioactivity that corresponded to the

radioactive peaks, identified by the Ramona chromatograms, wvere saved and

stored in a freezer (at approximately -20°C). Subsequently each metabolite

fraction was taken (v dryness under a gentle N, stream and stored Jry at

approximately -20°C until submitted for mass spectral analysis.
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RE SULTS

Urinary percent of dose values for the 1 and 500 mg/kg oral doses of
fFC&ﬂi]are presented in Table 1. The total percent excreted in urine through
LAB hours vas similar for the 1 and 500 mg/kg dose (approximately 70 and 69

percent, respectively). However, the 0- to 12-hour average perczent of dose
values from the 1 mg/kg group vere much greater than the 500 mg/kg group (60
percent compared to 18 percent). The percent of dose excreted in the 12- to
24-hour urine sample from the 1 mg/kg dose group represenied approximately

9 percent of the administered dose.

Distribution of Radioactivity Following Dermal Application

Table 2 summarizes the distribution of dermally applied[j?ﬁi :](l mg per

rat). Approximately 14 percent of the applied dose was absorbed, vhereas, only
8 percent of the applied dose was accounted for as non-absorbed radioactivity.
The remainder of the applied dose vas not accounted for. In separate
experinents,[cei ]evaporated in less than one hour under conditionc similar

to the dermal exposure (see Methods).

Approximately 88 percent of dermally absorbedlsgag t]vas excreted in the
urine by the 24-hour post-application sacrifice. Almost 63 percent vas
excreted in the O- to 12-hour post-application urine sample. The tissues and
carcass contained approximately 7 percent of thu absorbed dose at the 24-hour

post-application sacrifice.
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Ti: suc D stribution Following Dermal Application

The radioactivity concentrations in organs and tissues are presented as
ug equivalents of r Cxﬁijper gram tissues (Table 3). Skin (distal from the
site of dermal appiication) contained the highest concentration of
radioactivity, followed by liver concentrations (0.138 and 0.071 ug equivalents
per gram, respectively). Whole blood concentrations averaged
0.017 ug equivalents per mL, vhereas, plasma concentrations averaged

U.007 ug equivalents per mL.

HPLC/Radioactivity Flow Detection Analysis of Urine Samples

Radioactive metabolite profiles in urine were characterized by
HPLC/radioactivity-flowv analysis (Figures 2-4). Urine from rats dosed at the
500 mg/kg level contained substantial concentrations of unchanged[ce,]
Overnight incubation with glucuronidase/sulfatase enzymes nodified-the
metabolite profile resulting in the appearance of a radioactive peak eluting at
19 minutes (Figure 2). Metabolite peaks eluting at approximately 10 and 17
minutes vere substantially reduced as a result of the enzyme incubations.
Metabolite fractions vere collected from high-dose urine samples vhich vere
incubated overnight with glucuronidase/sulfatase enzymes. These HPLC-purified

metabolites were submitted for mass spectral analysis.

Enzyme-hydrolyzed urine samples from the 1 mg/kg dosed rats or the dermal
penetration group either contained less than detectable or minor concentrations
of o-toluidine. The radioactivity profiles wvere similar for the two routes of
exposure (Figures 3 and 4). The tvo major metabolites eluted at approximately

18 and minutes and vere subsequeq;ly identified as[: (ugl ‘J

o~y

and| il : respectively (Ref. 1). Structural

Jare presented in Figure 5. A third

representations of | CBI
metabolite eluting at approximately 13 minutes was analyzed by mass

spectrometry but not structurally characterized.
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Distribution of Radiolabelled Urinary Metabolites

The relative and absolute percent distributions for the major radioactive
urinary metabolites are preserted in Table 4. All urine samples were incubated
overnight vith glucuronidace/sulfatase enzymes. In the 0- to 12-hour urine
samples from the 1 mg/kg dose group,[f o8l :jrepresented approximately 54
and 32 percent of the total urinary radioactivity, corresponding to

approximately 33 and 19 percent of the total dose. Similarly, from dermally

exposed ratsE_ CBl ;]reprerented approximately 43 and 25 percent of

urinary radioactivity in the 17-hour post-application urine sample

corresponding to approximately 27 and 16 percent of the absorbed dose.
DISCUSSION

Dose dependent rate of urinary excretion wvas observed by comparing the
percent of dose excreted in the O- to 12-hour time interval between the 500 and
1 mg/kg dose groups. Approximately 60 percent of the 1 mg/kg dose was excreted
in urine during the first 12 hours folloving ‘osing compared to 18 percent for
the 500 mg/kg dose group. In addition, substantial amounts of unchanged@a' J
vere detected in urine from 500 mg/kg group, vhereas, only trace amounts uére

detected in urine from the 1 mg/kg group.

The 1 mg/kg oral dose level and the 1 mg dermal exposure were chosen
because they represented potential low level workplace exposures.
Approximately 60 percent of the administered oral dose and the systemically
absorbed dermal exposure vas excreted in the 0- to 12-hour post-dosing
(application) sample. The urinary metabolite profiles (followving
glucuronidase/ sulfatase enzyme hydrolysis) vere also very similar for the tvo
exposure routes. The netabolite[ﬁ‘*" represented approximately 33 percent of
the administered oral dose and 27 percent of the absorbed dermal application in
the 12-hour post-dosing (or application) urine sample. In the 12-hour urine
samples, f 'Z}represenled approximately 19 and 16 percent of the oral or

absorbed dermal dose, respectively.
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Based upon results from the study eithericst]or (_cgjare good candidates
for a urinary biological monitor to assess workplace exposure lo(@' Resulrs

from the dermal exposure study indicated significant dermal penetration by
liqum;} Excretion data from both the dermal exposure and the 1 mg/kg oral
dosinglindicated rapid elimination in the first 12 hours following exposure.
Therefore urine samples should be collected at the end of the work day in order
to maximize the sensitivity of the urine monitoring procedure. In addition,
collected urine samples should undergo incubations with glucuronidase/sulfatase

enzymes in order to cleave any glucuronides or sulfate esters ofc‘m -]and s

SN i
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TABLE 1

Urinary Excretion of Radioactivity Following
1 mg/kg or 500 mg/kg Oral Doses of | i

—

Percent of Dose

1 mg/kg Dose

Animal Number
Timepoint

(Hours)

0-12
12-24
24-48

Total Percent

300 mg/kg. Dose

Timepoint Animal Number

(Hours)

0-12
12-24
24-48

Total Percent
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TABLE 2

r— -y
Disposition of Dermally Applied
; 7 wrplicd| gy |

Percent of Applied Dose

Animal

Non-Absorbed Dose k1 ¥ #3
Cover Gauze plus 8.3 9.6 8.4

Skin Wash

Absorbed Dose

Urine

Feces

Tissues and Carcass
Cage VWash

Total Percent Absorbed

Relative Percent Distribution of Absorbed Dose

Urinary Excretion

Fimepoint

!Hours!
0-12
12-24

Urine Total

Fecal Excretion

Fecal Total e 6.7 8.6
(0-24 Hours)

Tissues and Carcasses

24-Hour Sacrifice 7.7 6. Sl
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TABLE 3

Distributior of Radioactivity in Organs and
Tissues Following Dermal Ap;‘i-ation of j;yn¢

=X

-~

ug Equivalents per Gram (mL) Tisssuve®

Animal
Organ or
Tiscue
Blood

Heart

(ST )

Lungs
Liver
Spleen
Kidneys
Testes

Fat

Brain

Skin
G.I.Tissue

o © O O O © 00 O O © © O
o O O O O Cc o 0o 0 o o ©
o O O 0 0 0 o o o o0 O O

Plasma

* ug Equivalent values wvere calculated based upon the specific radioactivity
content of the ’LCBI J'dose (21.6 uCi/mg).




Animal
Number
#1
$2
#3
#4

Average

Animal
Number

B!
82
#3

Average
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TABLE 4

Distribution of Radioactive Urinary Metabolites Fqllovin
Oral Dosing (1 mg/kg) or Dermal Application of Eﬁ;‘ _j

Percent Values®

1 mg/kg Oral Dose - 12-Hour Urine

Peak #1 4AC NAAC

Relative Relative X of Relative X of
X 4 Dose X Dose

14.3 . 31.5 ; 54.2 38.7
13.0 . 3.3 : 52.7 31.5
14.2 : 30.5 . 55.3 32.4
14.9 ; 30.6 ; 54.5 31.9

14.1 . 31.7 . 54.2 32.9

Dermal Penetration - 12-Hour Urine

Relative percent values are the percent of radioactivity in an injected
(HPLC) urine sample represented by each radioactive metabolite. The
percent of dose values are based upon the administered dose for the oral
gavage group, and the percent of absorbed duse for the dermal group.
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FIGURE 1

’
HPLC/Ramona Chromatogram of | @R}
L

HPLC Solvent Gradient Conditions Forl- P

| ¥
1) 100% 0.1 M Ammonium Acetate pH 3.3
Isocratically for 10 minutes

2) 50:50 Acetonitrile: 0.1 M Ammonium Acetate pH 3.3
25 minute linear gradient from Step 1

3) 50:50 Acetonitrile: 0.1 ¥ Ammonium Acetate pH 3.3
Isocraticallv for 15 minutes
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FIGURE 2

Representative HPLC/Ramona Profiles of Urine
trom the 500 mg/kg Dose Group. a) Non-incubated urine;

b) Glucuronidase/Sulfatase Enzyme-Hydrolyzed Urine
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FIGURE 3

Representative HPLC/Ramona Profile of a Glucuronidase/Sulfatase
Hydrolyzed 12-Hour Urine Sample from 1 mg/kg Dosed Rats
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FIGURE 4

Representative HPLC/Ramona Profile of a Glucuronidase/Sultata=>
Hydrclyzed 12 -Four Urine Sample from the Dermal Penetration Group of Rats
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